1. Four groups of six rabbits were given purified diets in which the dietary variables were protein source (isolated 2. Rabbits given soya-based diets showed significantly lower serum concentrations of triglyceride and 3. These changes in serum cholesterol were associated with a significantly increased excretion of acid and 4. There was no evidence to suggest that the effect of dietary protein source on serum lipids and the excretion 5. These results do not support the hypothesis that the hypocholesterolaemia associated with plant proteins soya-bean protein or cow's-milk protein) with or without saponin supplementation (10 g/kg). cholesterol (P < 0.01). The latter changes were confined to the cholesterol fractions of j3-lipoproteins. neutral sterols in animals given soya-bean protein.
Analytical methods
Serum was separated into total-and high-density-lipoprotein (HDL) fractions using the heparin-manganous chloride method of Warnick & Albers (1978) . The fractions were then assayed for cholesterol and triglyceride on a Technicon AutoAnalyzer model 11 using the Lieberman-Burchard reaction for cholesterol analysis and the method of Kessler & Lederer (1965) for triglyceride assay. Faecal serols were extracted into acetone-ethanol (I : 1) in a Soxhlet apparatus for 18 h and the sterols separated into acid and neutral fractions using the method of Wells & Makita (1962) . The acid sterols were methylated in a solution of diazomethane in diethyl ether filtered through charcoal, and the concentrations of individual neutral and acid sterols were then determined by gas-liquid chromatography.
A Pye-Unicam 104 chromatogram was used. A 2 m column (2 mm i.d.) was packed with 30 g OV-1 (Pye Unicam)/kg diatomite 100-200 mesh and maintained at a temperature of 270' . Nitrogen was used as the inert carrier gas at a flow-rate of 15 ml/min. The sample injection chamber was maintained at 220' while the detector (flame ionization) was kept at 300' . The internal standard for acid sterols was cholesterol acetate and for neutral sterols it was androstone-17B-ol-3-0ne propionate. Individual peaks were identified using purified standards.
Statistical analysis
The results were analysed by analysis of variance and comparisons between means, following signficiant F values, were compared using Tukey's test of significance (Steel & Torrie, 1960) . Table 3 .
D fetary proteins, saponins and cholesterol

Mean values f i r the effects of the four dietary treatments on serum total and high-density-lipoprotein (HDL) cholesteroland triglyceride (mmolll) of rabbitsgiven soya-bean protein or cow's-milk prc; tein
(Mean values with their standard errors)
Dietary saponin (g/kg). . . Mean values with unlike superscript letters were significantly different: P < 0.05.
RESULTS
Mean daily energy intake was significantly increased (P c 0.05) by saponin supplementation but was not reflected by changes in live-weight gain ( Table 2 ). The dietary effects on serum lipids are given in Table 3 . Rabbits fed on diets based on cow's-milk protein showed significantly higher total serum cholesterol and triglycerides and significantly more cholesterol in the very-low-density-and low-density-lipoprotein fraction (P c 0-005) than the rabbits given soya-bean protein. Dietary protein source did not influence HDLcholesterol, and serum lipids were uninfluenced by the inclusion of the saponin. Furthermore, there was no evidence of an interactive effect of dietary protein source and saponin supplementation on serum lipids. The dietary effects on .:he faecal excretion of total and individual acid sterols and neutral sterols are given in Tablcs 4 and 5 respectively. Animals given soya-bean protein excreted a significantly greater ariount of both total acid and total neutral sterols (P < 0.05) than those given milk protein. Although saponin increased the excretion of both fractions, this effect was not statistically significant. Furthermore, although there was no statistical evidence of an interaction between saponin supplementation and dietary protein source on sterol excretion, saponin appeared to increase faecal sterols only when soya-bean protein was used. Thus the mean value for the excretion of total sterols increased from 15.9 to 24.6 mg/kg per d when saponin was added to the soya-bean-protein-based diet, whereas the corresponding change with milk-protein-fed rabbits was from 9.6 to 10.6 mg/kg per d. There was no significant treatment effect on the excretions of any of the three major bile acids, cholic, lithocholic and deoxycholic acids. Four bile acids appearing on the gas-liquid chromatograph were not identified but probably were keto-or hydroxyketo-derivatives of deoxycholic acid (Danielson et al. 1963) . Three of these unidentified bile acids with long relative retention times were excreted in significantly greater quantities by soya-bean-fed rabbits (P < 0-05). In one instance, that with the longest retention time, saponin caused a significant increase in its excretion, but only with rabbits given soya-bean protein (P -= 0.05). Although total neutral sterol excretion was significantly increased by soyabean-protein feeding, there was no significant effect due to protein source on the excretion of cholesterol, coprostanol or /3-sitosterol. Two peaks with long relative retention times were observed in considerable quantities in the chromatographs of all rabbits given soya-bean protein but were absent or present in only trace quantities in those of cow's-milk-protein-fed rabbits. The gas-liquid chromatographic results of Hellstrom el al. (1962) suggest that these sterols may have been keto-derivatives of cholesterol.
The effects of the individual dietary treatments and the separate effects of protein source and saponin supplementation on the excretion of total and individual bile acids (mglkg per d ) by rabbits given soya-bean protein or cow's-milk protein
DISCUSSION
In an investigation of the hypocholesterolaemic action of dietary fibre, Oakenfull & Fenwick (1978) observed that the capacity of fibre sources to bind bile acids in vitro was dependent on the saponin content of the fibre source. Thus cereal fibres lacked the capacity to adsorb bile acids in vitro but acquired this capacity when supplemented with a saponin-rich ethanol-water extract of lucerne (Medicago sativa). The authors proposed that sources of dietary fibre rich in saponin would be more effective in reducing serum cholesterol by increasing faecal bile acid excretion. Whole soya beans contain 50-60 g/kg dry weight as saponins and as such are an extremely rich source of these compounds. On that basis, Potter et al.
( 1 979) proposed that the hypocholesterolaemia associated with soya-bean feeding in man (Sirtori et al. 1977) and rabbits (Carroll, 1978) was a function of the saponin in the soya-bean sources. This proposal was supported by the many observations that dietary saponins have the capacity to lower serum cholesterol in chickens, rats and pigs ( Table 6) .
The results of the present study with weanling rabbits do not agree with the saponin theory. The explanation may be in the method used to induce hypercholesterolaemia. In the present study it was achieved by feeding a cholesterol-free, low-fat diet based on animal protein, and as such it was a direct consequence of the balance of hepatic synthesis, catabolism and excretion of cholesterol. However, in all previous studies of the hypocholesterolaemic effect of plant saponins, the elevated levels of serum cholesterol were achieved by supplementing the diet with cholesterol, thus inducing an exogenously based hypercholesterolaemia, whereas that reported in the present study is endogenously based ( Table 6 ). It could be argued, therefore, that the hypocholesterolaemia previously observed for saponins is due to the inhibition of cholesterol absorption (Malinow et al. 1979) .
Several authors have reported increased excretion of acid and neutral sterols when saponin is added to the diets of rats (Oakenfull et al. 1979; Sautier et al. 1979 ) and pigs (Topping et al. 1980) . However, in the present study, saponins appeared to be effective only when soya bean was used as the protein source. Since soya-bean feeding itself increases the intestinal pool and excretion of acid and neutral sterols, it is not surprising that when saponin is added to the diet there is further excretion of sterols, perhaps by inhibiting their reabsorption. This does not happen with milk-protein diets and there is no satisfactory explanation for this. . . (0); cow's-milk diet with 10 g saponin/kg (W); soya-bean-protein diet without saponin (0); soya-bean-protein diet with 10 g saponin/kg ( 0 ) . Fig. 1 shows the excretion of acid and neutral sterols in relation to serum total cholesterol concentration, and it can be seen that the variation in serum cholesterol occurs over a narrow range of acid and neutral sterols. The converse is also true. Therefore, rabbits given milk protein may lack the capacity to maintain normal levels of serum cholesterol through impaired cholesterol oxidation. Results presented by Roberts et al. (1979) showed an increased turnover of plasma LDL cholesterol in rabbits given soya-bean protein. Alternatively, in milk-fed rabbits a normal biliary flow of bile acids and cholesterol may be associated with an enhanced capacity for reabsorption of endogenous sterols. Kim et al. (1 980) found enhanced cholesterol absorption in casein-fed pigs. In rabbits, cholesterol absorption does not increase hepatic oxidation to bile acids of de novo synthesized cholesterol (Sabine, 1977) .
The information on the excretion of individual acid and neutral sterols does not provide a basis for explaining the different effects of soya-bean and milk proteins on serum cholesterol. The substantial microflora of the rabbit caecum may have had an effect on the molar proportions of individual bile acids and neutral sterols, and thus it would not be possible to construct a hypothesis like that recently put forward for the hypocholesterolaemic effect of dietary fibre in rats by Brydon et al. (1980) . There is growing evidcnce to suggest that the hypercholesterolaemic effect of casein and other purified animal proteins is due to the protein per se. Katan et af. (1980) and Hermus (1 979) have shown that glycine supplementation of casein reduced serum cholesterol in rabbits and cholesterol-fed rats and was associated with reduced aortic atherosclerosis. Kritchevsky (1979) reported that supplementation of soya-bean protein with lysine so as to increase its 1ysine:arginine value to that in casein (from 0.9 to 2.0) resulted in a sharp increase in atherogenicity and serum cholesterol concentration. However, none of these authors has been able to explain the mode of action of amino acid supplementation on cholesterol metabolism. Noseda et al. (1980) have suggested the possible involvement of insulin and glucagon in the effect of protein on cholesterol metabolism, and this possibility merits serious consideraf ion.
The influence of dieta:y protein on cholesterol metabolism has important implications for man, both in the treatment of hyperlipidaemia and in the interpretation of epidemiological results relating diet to the incidence of coronary heart disease. However, the information on the effect of protein ;source on plasma cholesterol in man is contradictory. Carroll et al. (1978) found a small but significant decrease in the plasma cholesterol of volunteers consuming a high soya-bean diet (4.86-4.67 mmol/l plasma). Van Raaij et al. (1979) , in a well-controlled study also using healthy normo-lipaemic volunteers, found that dietary protein source did not alter serum cholesterol, although when the same diets were fed to rabbits a dramatic increase was observed in the casein-fed group. Furthermore, Calvert et al. (1979) found that fioya-bean-based cookies did not reduce serum cholesterol in normo-lipaemic volunteers, irrespective of the saponin content of the soya-bean supplement. Studies in this laboratory recorded a significant increase in the serum cholesterol concentration of healthy volunteers who modified their diet to provide 240 g/kg protein intake from soya-bean (M. J. Gibney, unpublished results). However, a significant increase in fat intake may have confounded the results.
In contrast to these studies on normal healthy individuals, a series of studies by Sirtori et af. (1977; 1979) , Karlstrom et af. Descovich et al. (1979) on type IIa and type n b hyperlipidaemic patients showed significant reductions in serum cholesterol concentration of the order of 10-20%. Thus, the effect of dietary protein on serum cholesterol may be similar in normo-lipaemic man and the rat (Pathirana et af. 1980) whereas the situation in hyperlipaemic man may be more similar to that in rabbits.
Clearly, dietary protein can play an important role in cholesterol metabolism in many species including man arid its mode of action warrants further study.
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